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void Test ()}

{

int baz = 5;
int x = bar;
int v = foo;
int z = baz;

varlt = Methodl{);
vartu = Method2{) ;
varsv = BaseMethod () ;
var!w = Propertv;

ﬂﬂﬂﬂﬂﬂ

Property = t;

var g = new Classli{});
var r = g as ClassU;
_335351 = r.Clone () ;
var sZ2 = r.Clone/();

var 83 = g.CloneWithbhata{“Classl”});

ﬂ'--“'h

h‘varisﬂ = ¢g.CloneWithData {(“"Fred”};
w%afgml = nhew string[4];
var mZ = new stringi{] { “A", “B” };

somethingChanged += OnSomethingChanged;

void Test (}

{

FIG. 3 )

int baz = 5;

int x = Classl.bar;

int.A = this.foo;

int 2z = baz;

int ¢ = this.Methodl () ;

int u = Classl.MethodZ{);
int v = Class0.Rasemethod () ;
int w = this.Property;

this.Property = L;

var = new Classl{(}:;

var r = g as Class(;

Class0 s1 = r.Clone();

var s2 = r.Clone(); / /s
var s3 = g.ClopelWgthDataltrassSl™);

a5l s4 = g.CloneWithData (“Fred”);

stringf{] ml = new stringid];
var mZ = new stringfl] { “AY, TB” };
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this.SomethingChanged += this.OnSomethlingChanged;
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IN-LINE CODE ADORNMENTS

BACKGROUND

Editors have long been used to edit source code for
computer programming languages. A language 1s typically
defined by a set of lexical, grammatic, and semantic rules.
Code compliant with the language 1s compiled or interpreted
according to the language’s rules to produce a translated
form which may in turn be code 1 another language or
istruction set, for instance intermediate language code,
executable object code, machine instructions, another pro-
gramming language, and so forth. Editors are generally
designed to receive a copy of source code from a source
code file or other unit of orgamizing code, display the source
code as editable text 1n an editing region managed by the
editor, and save edits to the source code file. The editor 1s
may be part of an integrated development environment
(IDE), which may include compilers, project management
features, and other known components.

Code editors generally present code for editing with a
one-to-one relationship between the displayed code and the
underlying representation stored in a bufler or file. That 1s,
what the code editor displays 1s a faithiul graphic represen-
tation of the state of the source code open for editing; the
positions of characters, indentations, positions of lines, etc.,
mirror the content of the code’s file or bufler, which 1s
updated 1n correspondence with editing of the code. The
approach of having editors display faithiul graphic repre-
sentations of the underlying code being edited 1s beneficial,
but 1t has shortcomings.

Many languages have constructs that can make 1t dithcult
to understand source code. For example, implicitly typed

declarations (e.g., “var”), untyped declarations, and other
constructs that can be resolved at compile time, yet such
resolution may not be obvious to the user viewing the source
code 1n the typical code editor. There may be many reasons
why a user 1s unfamiliar with the hidden imnformation asso-
ciated with source code the user 1s editing. Another user may
have originally authored the source code. The user may have
written or last reviewed the source code too long ago to
recall the meanings of declarations and the like. The editing
user may not know the datatypes or classes implicitly
referenced 1n the source code. For instance, the source code
being edited might be part of a complex project which may
make remembering the meaning of constructs difficult.

In addition to implicit typing information that may be
unfamiliar, there may be comments and other previously-
authored text 1in a language not understood by the user. If one
user speaks—and codes in—a language not understood by
the user currently editing the code, then the code may
difficult to read for the non-speaking user. Comments,
variable names, etc., may be diflicult for the user to under-
stand and work with.

Not only might potentially helpful information be miss-
ing, but the editing user 1s often not accustomed to the
formatting of the source code being edited. Required but
unfamiliar conventions may make reading the source code
difficult.

Two approaches have been used to provide additional
information and easier reading to a person editing source
code. One approach has been to have editors, perhaps using
macros or built-in tools, alter the source code being edited
in semantically neutral ways. With this approach, the text
being edited 1s updated in both the editor’s view and in the
underlying representation (e.g., a bufler storing the code
being edited). Whitespace, newline characters, arrangement
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of block delimiters, and other transforms have been used.
While this approach can be helpful, the alteration of the
source code has obvious limitations. Furthermore, such
alterations tend to be mechanical and may not tailor them-
selves to the individual user or usage context. Moreover,
they can cause difliculties for source code control systems
because they manipulate the bufler with spurious changes,
making code reviews and history more complex to review.

Another approach has been to make use of user interface
enhancements to provide more information to a use. For
instance, so-called tooltips have been used to reveal infor-
mation about source code elements when a user positions a
pointer to hover over them. Information panels in IDEs can
also provide information about a code construct responsive
to selection of the code. However, as only the inventors have
observed, this approach provides supplemental information
in a way that 1s 1nethcient. Because the information 1s not
integrated into the text of the source code being edited, the
user may not be able to readily relate the information to the
source code displayed 1n the editor. In addition, the hover-
over method can only show information about one target
code construct at a time.

Techniques related to in-line code adornment are dis-
cussed below.

SUMMARY

The following summary 1s included only to introduce
some concepts discussed 1n the Detailed Description below.
This summary 1s not comprehensive and 1s not intended to
delineate the scope of the claimed subject matter, which 1s
set forth by the claims presented at the end.

Embodiments relate to incorporating supplemental infor-
mation into a code editor’s editing view. The editor receives
adornments that are related to source code being edited 1n
the editor. The editor selects some of the adornments to add
to an editing view for editing the source code. The selected
adornments are inserted into lines of the source code dis-
played in the editing view and have some of the appearance
of the source code 1n the editing view. The editor maintains
two sets of information: the source code, and whichever
adornments are selected and inserted 1nto the editing view.
The adornments are passive with respect to the source code;
they manifest 1n the editing view but are not necessarily
compiled or saved. The adornments may be tokens provided

by a compiler and/or an integrated development environ-
ment. The editor may apply heuristics or rules to determine
which adornments are to be used and where they will be
inserted.

Many of the attendant features will be explained below
with reference to the following detailed description consid-
ered 1n connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present description will be better understood from the
following detailed description read 1n light of the accompa-
nying drawings, wherein like reference numerals are used to
designate like parts 1n the accompanying description.

FIG. 1 shows data tlow related to an editor editing source
code from a source code {ile.

FIG. 2 shows how a compiler’s code model can be used
to supplement the source code displayed in an editing view.

FIG. 3 shows examples of adornment augmentation 1n the
editing view.
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FIG. 4 shows how the editor may make use of context
information to decide where, when, and how to insert code
adornments.

FIG. 5 shows how the editor logically separates adorn-
ment code and editable/compilable code.

FIG. 6 shows details of a computing device.

DETAILED DESCRIPTION

FIG. 1 shows data tlow related to an editor 100 editing
source code from a source code file 102. The source code file
102 may be 1n any known form such as a text file managed
by a filesystem of an operating system hosting the editor
100. Alternatively, code can be persistently stored in a
structured form such as 1n a database (e.g., Smalltalk) where
the code that 1s generated has no corresponding existence in
its persisted form. The source code file 102 contains source
code conforming to a computer language such as a program-
ming language, a markup language, etc. The source code file
102 persistently stores the compilable representation of the
source code. When the source code file 102 1s to be edited
by the editor 100, the content of the source code file 1s
copied to a memory bufler 104. The bufler 104 stores the
compilable source code and 1s the backing of the source code
displayed by the editor 1n an editing view 106 displayed on
a display 108 of the host. The editor maintains a one-to-one
mapping between the source code i1n the bufler and the
source code 1 the editing view 106. When a user edits the
source code 1n the editing view 106 the contents of the builer
change accordingly. If the editor saves the edited source
code the bufler 1s flushed to the source code file. I1 the editor
re-loads the file, the bufler 1s emptied and re-filled with the
contents of the file, and the editing view 1s refreshed with the
new content of the bufler. A bufler i1s not required and, in
some embodiments, may be omitted.

The editor may be part of an IDE 110 that includes a
compiler 112. In some embodiments, the editor may inter-
tace with a language service that parses the code (e.g. a
compiler or interpreter) and that uses the information from
the parsed code to execute commands (e.g. format a line, go
to a definition) or display artifacts to the user. The compiler
112 1s configured for compiling the language of the source
code being edited. The compiler 112 performs functions
such as lexical and grammatical analysis, building an inter-
nal representation of the source code, generating object or
executable code, etc. The IDE 110 may be configured to
have the compiler perform background compilation of the
source code in the bufler 104 while the source code 1s
displayed for editing in the editing view 106. The compiler
might compile when no user input 1s received for a given
period of time. The compiler might compile responsive to
cach completed token or line of code. In one embodiment,
the IDE/compiler maintain a continuing state of compilation
to maintain a correspondence with the edited state of the
source code. In such a case, the compiler may have a rich set
of data about the source code. The IDE/compiler may
maintain a model with data about the source code. The
nature of the model will depend on the particular compiler
implementation. Some compilers may build a namespace of
the names of classes or datatypes in the source code. Others
may build a tree reflecting the statements and grammatical
structure of the source code. Some compilers build an object
model. The term “model” as used here refers to any known
type of data a compiler obtains about source code from the
process of pre-compiling and/or compiling the source code.
The compiler may as readily be an interpreter and the term
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4

“compiler” as used herein 1s deemed to also refer to inter-
preters, where technically appropnate.

By providing a compiler-derived model of the source
code to the editor, the editor has at 1ts disposal information
that can be used to supplement the source code of the bufler
104 that 1s displayed 1n the editing region 106. The form and
content of the model 1s not significant, so long as the editor
1s provided with access to mnformation about its source code

that 1s derived from the translation performed by the com-
piler 112.

FIG. 2 shows how a compiler’s code model 130 can be
used to supplement the source code 132 displayed in the
editing view 106. The source code 132 1s comprised of text
conforming to the relevant language. When parsed and
lexically analyzed by the compiler, the source code 1s broken
down 1nto tokens for language keywords, identifiers, punc-
tuation/separators, operators, literals, etc. For convenience,
editing view 106 shows source code text in the form of
source tokens 134 (“token-s”, for source) that correspond to
the editable and compilable source code that 1s subject to
editing in the editing view and the bufler managed by the
editor. The text corresponding to the source tokens 134 is
subjected to the editing logic of the editor and i1s also
consumed by the compiler to produce the model 130. The
model 130 includes compiler tokens 136 (“token-c”, for
compiler) derived by the compiler. A token 1s just one type
of adornment that might be incorporated into an editor view.
The term “‘token™ here refers lexical, syntactic, and/or
semantic outputs of the compiler and need not be 1n the same
form as used internally by the compiler, although the text of
the tokens may come directly from the compiler. In short, the
term “token” refers to any supplemental information that the
compiler can associate with constructs 1 the source code
(e.g., source tokens 134) that 1s subjected to editing and
compilation. To be clear, to the editor, the bufler 1s eflec-
tively a collection of characters (or lines and characters) and
not tokens per se. The language service may tell the editor
to, for example, replace characters [1022 . . . 1025] with
“Class1” or—ilor a pure insertion—replace characters
[1831 . . . 1831] with “this” (an example token).

The editor performs a process 138 to use the compile
model 130. The editor receives the model 130 from the
compiler/IDE. The editor may iterate over the compiler
tokens 136 and evaluate each for potential adornment 1n the
editing view 106. If the editor determines that a compiler
token 1s associated with a construct 1n the source code 132,
the editor may decide how and whether to incorporate the
token 1n the editing view 106. The compiler token may be
associated with an implicit construct (e.g., an 1mplicit type
declaration) and be inserted into the editing view 106. The
compiler token may be associated with an explicit construct
(e.g., a source token 134) and may replace the associated
source construct. Both types of insertion are shown 1in the
editing view 106. However, even though an insertion 1is
in-line (within a line of code), the msertion 1s 1solated from
the compiler. Isolation may be achieved 1n several ways. In
one embodiment, the editor keeps track of two sets of text
in the editing view; the text that makes up the editable/
compilable source code 132, and the adornment token text
derived from the compiler model. In another embodiment,
the editor may maintain two buflers (see FIG. 5), and the
code shown 1n the editing view 1s a merger of the adornment
text and the source code text. In any case, preferably, the
added tokens or adornments are only operative 1n the editing
view and the underlying bufler (which 1s typically savable to
a persistent object such as a file) 1s not changed.




US 10,552,123 B2

S

The inserted compiler tokens—or more generally text
adornments—are shown in-line within the lines of the
source code shown 1n the editing view 106. The editing view
106 1s a linear set of characters. When an adornment 1s
inserted, the text after the inserted adornment 1s shifted to
accommodate the adornment. In one embodiment, an adorn-
ment 1s just an 1mage and the non-adornment source code in
the editing view 1s graphically moved to accommodate the
adornment. Editable/selectable text 1s not added. I a source
token 1s replaced, it remains logically present 1n the text of
the editor/bufler but 1s not shown in the editing view. In
another embodiment, adornments are inserted in-line as text
tully or partially subject to text editing operations (e.g.,
selectable but not editable, editable, etc.), although the
inserted text remains functionally separate and 1s omitted
when the contents of the editing view/buller are saved to the
original source code file 102. To the user, the inserted
adornment may have some of the graphic traits of the source
code 1n the editing view 106. Specifically, the inserted
adornments are part of a scrollable view or surface display-
ing the text being edited. The adornments scroll, scale, etc.
with scrolling scaling of the view just as the non-adornment
source code does. The adornments are presented within lines
of source code in the view and appear where the language
and the relevant source code dictate their presence. If an
adornment disambiguates an ambiguous construct, the
adornment 1s 1nserted 1n-line at the place of the ambiguous
construct.

FIG. 3 shows examples of adornment augmentation in the
editing view 106. The top half of FIG. 3 shows an editing
view ol source code prior to isertion of adornments. The
view at the top half shows some source code tokens 134 that
are 1dentified by the editor as candidates for replacement
with adornments. In this example, the “var” type declaration
1s ambiguous. The compiler informs the editor about the
actual types of the variables declared as vars. Various source
tokens 134 and implicit constructs (not shown) have been
targeted by the editor (selection 1s discussed below). The
lower half of FIG. 3 shows the editing view 106 after the
editor has added adornments. In the example of FIG. 3,
compiler tokens 136 (or the textual equivalent) have graphi-
cally replaced their semantic equivalents 1n the displayed
lines of source code. The added adornments 1n FIG. 3 are
shown with bold and italics to differentiate from the non-
adornment source code. Color, size, or other attributes may
be used to distinguish the adornments from the source code
subject to compilation. Again, the graphic appearance of the
code shown 1n the view differs from the logical editing state
of the source code.

In the example of FIG. 3, not all of the elements typically
identified by the compiler have been replaced. As discussed
below, heuristics or preferences may control which elements
are replaced 1n the editing view. The heuristics or prefer-
ences may determine, based on various conditions, that
many of the tokens 1n the source code do not need to be
supplemented or adorned.

Furthermore, as noted above, i1t 1s also possible that
supplemental information can be supplied from other
sources besides a compiler. For 1mstance, the compiler might
identify comments in the source code and provide the
comments to a human-language translation component that
identifies text that 1s 1n a non-preferred language and, as with
the case of compiler tokens, inertly translates text in the
comments 1n the editor view. See example source word
134A and 1ts translation 136 A, which 1s not saved with the
source code.
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If the adornments are in the form of tokens provided by
the compiler, the adornments need not be displayed 1n full
when 1nserted. A configuration setting may control the
maximum length or sub-portions of adornments that are to
be displayed. Although the adornments are graphically dis-
played embedded in the lines of source code, the adornments
are not saved with the source code when the source code 1s
saved by the editor. In some embodiments, textual opera-
tions of the editor may recognize the new adornments. For
instance, copying selected text may be possible, or a text
search might find inserted tokens. In other embodiments,
aside from being displayed, text inserted into the view 1s
completely transparent to the text operations of the editor.

FIG. 4 shows how the editor may make use of context
information 150 to decide where, when, and how to insert
code adornments. The editor may manage or have access to
a set of context data 170. The context data 170 may be any
information available to the editor or the IDE 110. The
context data 170 may include information about preferred
style or formatting conventions associated with the user or
the source code. The formatting conventions may be similar
to prettification rules. The 1dentity of the user may be used
to select preferences, configuration settings, etc. Configura-
tion settings of the IDE or a project containing the source
may be used. Metadata of the source code file may be used.
For example, the last time the file was accessed, the last time
the user read the file, the person who last edited the file, etc.
Some file edit history or metadata may be obtained from a
source code control system (SCCS), i in use. Such infor-
mation may include what portions of code were edited by
whom, and when, requirements associated with portions of
code, etc. The context data 170 may also include various
replacement rules, possibly lexical or syntactic. The rules
may define conditions under which an insertion/replacement
of an adornment 1s preferred. For example, a rule might
specily that adornments for ambiguous or implicit refer-
ences, declarations, or definitions are only to be applied 11 an
explicit declaration 1s not within a certain number of lines,
tokens, statements, etc. An adornment selector module 170
performs a process 172 to iterate over the candidate adorn-
ments or compiler tokens 136. The process 172 includes
steps for accessing the context data 170, evaluating a can-
didate token or adornment by applying the context data to a
heuristic or rules to decide which tokens or adornments to
add, and adding any selected tokens or adornments to the
relevant locations 1n the editing view 106. The algorithmic
isertion of adornments allows for a user-specific view that
aids the user with selective in-line information and also
respects the underlying code.

The adornments may come from sources other than the
compiler. For example, if the editor detects source code text
that 1s not 1n the preferred human language of the user, the
editor may obtain translations of tokens, keywords, com-
ments, etc., and replace them in the manner described above
for tokens. That 1s, the editing view shows the adornments
in-line but without incorporation into the editable/savable
text of the source code. The adornments may appear indis-
tinguishable from the compiled/buflered source code, per-
haps distinguished only by graphic traits such as font, color,
or others.

FIG. 5 shows how the editor logically separates adorn-
ment code and code that 1s under the purview of the
editor/IDE’s editing and compiling functionality. The space-
negotiating non-compiled adornment code 190 1s tracked in
editing view/data 192 maintained by the editor. The non-
compiled adornment code 190 1s merged with the ordinary
compiled editing code 194 to display, 1n the editing view
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106, a composite of the two sources of code. The editing
view 1s a hybrid of source code that 1s managed in ordinary
fashion by the editor and adornments that are not ultimately
not compiled, either explicitly per a user command or as part
ol a continuous/background compile.

Although embodiments have been described as treating
adornments as 1nert/unsaved text, other embodiments may
allow annotations to support editing and/or saving. Such
embodiments require some meaningtul conversion before
being persisted. For example, in the case of translating code
comments, the translated language could be editable; how-
ever, when the information 1s persisted to the bufler, 1t may
be translated down to the original language.

FIG. 6 shows details of a computing device 300 on which
embodiments described above may be implemented. The
computing device 300 1s an example of a client/personal
device or backend physical (or virtual) server devices that
may perform various (or perhaps most) of the processes
described herein. The technical disclosures herein will sul-
fice for programmers to write software, and/or configure
reconfigurable processing hardware (e.g., field-program-
mable gate arrays (FPGAs)), and/or design application-
specific integrated circuits (ASICs), etc., to run on the
computing device 300 (possibly via cloud APIs) to imple-
ment the embodiments described herein.

The computing device 300 may have one or more displays
322, a camera (not shown), a network interface 324 (or
several), as well as storage hardware 326 and processing
hardware 328, which may be a combination of any one or
more: central processing units, graphics processing units,
analog-to-digital converters, bus chips, FPGAs, ASICs,
Application-specific Standard Products (ASSPs), or Com-
plex Programmable Logic Devices (CPLDs), etc. The stor-
age hardware 326 may be any combination ol magnetic
storage, static memory, volatile memory, non-volatile
memory, optically or magnetically readable matter, etc. The
meaning of the term “storage”, as used herein does not refer
to signals or energy per se, but rather refers to physical
apparatuses and states of matter. The hardware elements of
the computing device 300 may cooperate in ways well
understood 1n the art of machine computing. In addition,
input devices may be integrated with or 1n communication
with the computing device 300. The computing device 300
may have any form-factor or may be used in any type of
encompassing device. The computing device 300 may be 1n
the form of a handheld device such as a smartphone, a tablet
computer, a gaming device, a server, a rack-mounted or

backplaned computer-on-a-board, a system-on-a-chip, or
others.

Embodiments and features discussed above can be real-
ized 1 the form of information stored in volatile or non-
volatile computer or device readable storage hardware. This
1s deemed to include at least hardware such as optical
storage (e.g., compact-disk read-only memory (CD-ROM)),
magnetic media, tlash read-only memory (ROM), or any
means of storing digital information 1n to be readily avail-
able for the processing hardware 328. The stored informa-
tion can be 1n the form of machine executable 1nstructions
(e.g., compiled executable binary code), source code, byte-
code, or any other information that can be used to enable or
coniigure computing devices to perform the various embodi-
ments discussed above. This 1s also considered to include at
least volatile memory such as random-access memory
(RAM) and/or virtual memory storing information such as
central processing umt (CPU) mstructions during execution
of a program carrying out an embodiment, as well as
non-volatile media storing information that allows a pro-

10

15

20

25

30

35

40

45

50

55

60

65

8

gram or executable to be loaded and executed. The embodi-
ments and features can be performed on any type of com-
puting device, including portable devices, workstations,
servers, mobile wireless devices, and so on.
The mvention claimed 1s:
1. A method performed by a computer comprising a
display, processing hardware, and storage hardware storing
istructions configured to cause the computer to perform the
method, the method comprising:
executing a code editor comprising editing logic and an
editing region displayed on the display, wherein the
editing logic 1s interactively imnvokable via the editing
region to enable text editing 1n the editing region;

opening, by the code editor, a source code file into a butler
and displaying the bufler with source code from the
source code file i the editing region, wherein the
source code 1n the bufler comprises tokens displayed 1n
the editing region;

performing background compilation of the source code 1n

the bufler while the source code 1n the builer 1s dis-
played for editing in the editing region, wherein the
background compilation obtains associations between
the tokens 1n the source code 1n the bufler displayed in
the editing region and tokens i1dentified by and during
the background compilation; and

based on the associations, replacing, 1n the editing region,

the tokens in the source code 1n the bufler displayed 1n
the editing region with the tokens identified by and
during the background compilation, wherein the
replacement tokens are displayed inline in the source
code displayed 1n the editing region.

2. A method according to claim 1, further comprising
tracking the replacement tokens added to the source code file
in the editing region, wherein when the source code 1n the
bufler displayed in the editing region 1s saved to the source
code file by the code editor, the replacement tokens dis-
played 1n the editing region are, according to the tracking,
not saved to the source code file.

3. A method according to claim 2, wherein the editing
region displays directly-mapped source code and the
replacement tokens, wherein the directly-mapped source
code comprises tokens not replaced by the replacing,
wherein the code editor maintains a one-to-one mapping
between the directly-mapped source code and the source
code 1n the bufler, and wherein the code editor does not
maintain a one-to-one mapping between the replacement
tokens and the source code in the bufler.

4. A method according to claim 3, wherein the replace-
ment tokens are not editable 1n the editing region and are not
saved to the source code file when the bufler 1s saved to the
source code {ile.

5. Amethod according to claim 1, wherein the code editor
uses the buller to store the source code that 1s displayed for
editing 1n the editing region, wherein edits to the source code
in the butler that 1s displayed for editing 1n the editing region
correspondingly update the buller, and wherein the replace-
ment tokens are not maintained 1n the bufler while they are
displayed 1n the editing region.

6. A method according to claim 3, wherein a save of the
bufler saves edits of tokens 1in the editing region that were
not replaced and does not save the replacement tokens.

7. A method according to claim 6, wherein the editing
region displays lines of the source code, wherein the replace-
ment tokens are displayed within the lines of the source
code, and wherein replacement of a token by a token
identified by the background compilation comprises insert-
ing the replacement token within a line of the source code,
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the line of the source code comprising characters prior to the
inserting, the mserting comprising changing alignment of
the characters within the line of the source code according
to the number of characters displayed to represent the
inserted replacement token.

8. A computer-readable storage device storing a code
editor configured to be executed by a computing device, the
code editor configured to perform a process, the process
comprising;

displaying editable lines of source code in a displayed

editing region of the code editor;

mapping compilable representation of the source code

maintained in a butler by the code editor to the editable
lines of source code displayed in the editing region by
the code editor;

compiling the compilable representation of the source

code maintained 1n the bufler while the editable lines of
source code are displayed in the editing region by the
code editor, wherein code adornments are obtained
during the compiling of the compilable representation
of the source code maintained i1n the bufller, wherein the
code editor interfaces with a compiler that compiles the
compilable representation of the source code main-
tained 1n the bufler to obtain the code adornments from
the compiler, and wherein the compiling by the com-
piler 1s performed 1n the background responsive to edits
of the editable lines of source code displayed in the
editing region by the code editor; and

inserting, within the displayed editable lines of source

code displayed 1n the editing region by the code editor,
the code adornments obtained during the compiling of
the compllable representation of the source code main-
tained 1n the buliler.

9. A computer-readable storage device according to claim
8, wherein the compilable representation of the source code
maintained in the bufler does not include representation of
the inserted code adornments while the 1nserted code adom-
ments are displayed in-line within the editable lines of
source code displayed in the editing region by the code
editor.

10. A computer-readable storage device according to
claim 8, wherein the code adornments are inserted 1n loca-
tions of the editable lines of source code displayed in the
editing region by the code editor that are determined by and
during the compilation of the compllable representation of
the source code maintained 1n the builer.

11. A computer-readable storage device according to
claim 8, wherein the code adornments comprise text tokens,
respectively, obtained from compiling the compllable rep-
resentation of the source code maintained in the bufler,
wherein some of the text tokens are not inserted, and
wherein the 1nserting comprises deciding which of the text
tokens are to be inserted and which of the text tokens are not
to be inserted.

12. A computer-readable storage device according to
claim 11, wherein the deciding comprises applying a heu-
ristic to one or more features of: the text tokens, a file from
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which the compilable representation of the source code
maintained 1n the buller was obtained, an 1dentity of a user
using the code editor, and/or a user-configurable setting.

13. A computer-readable storage device according to
claim 8, wherein the code editor 1s configured to receive
arbitrary programming modules to program the code editor,
and wherein the process 1s performed by the code editor as
programmed by a plug-in module received and executed by
the code editor.

14. A computing device comprising storage hardware and
processing hardware, the storage hardware storing informa-
tion configured to cause the processing hardware to perform
a process, the process comprising:

executing a code editor comprising an editing builer and

an editing region displayed on a display, wherein the
code editor 1s configured to enable interactive editing of
the editing bufler displayed in the editing region, and
wherein the editing bufler stores lines of source code
displaved 1n the editing region;

compiling the editing butler while the lines of source code

in the editing bufler are displayed and editable in the
editing region, wherein the compiling comprises ana-
lyzing syntax and grammar of the source code to form
a model of the source code, wherein the model of the
source code comprises constructs of the source code
not represented 1n the displayed lines of source code 1n
the editing bufler displayed in the editing region, and
wherein the compiling 1s performed in the background
responsive to edits of the lines of source code in the
editing bufler displayed in the editing region; and
inserting the constructs of the source code from the model
of the source code generated by the compiling within
the displayed lines of source code 1n the editing region.

15. A computing device according to claim 14, wherein
the constructs of the source code comprise a variable name,
a method name, a class name, a property, or a data type.

16. A computing device according to claim 14, the process
turther comprising replacing a type-defimition of a variable
in a line of source code 1n the editing buller displayed 1n the
editing region with a semantically corresponding type-defi-
nition provided by the model of the source code.

17. A computing device according to claim 14, wherein
the displayed lines of source code in the editing bufler
displayed 1n the editing region comprise text characters in
the editing region, and wherein the constructs of the source
code comprise characters added to the editing region 1n line
and between the text characters.

18. A computing device according to claim 14, the process
turther comprising selectively determining which constructs
of the source code to incorporate into the displayed lines of
source code 1n the editing bufler displayed in the editing
region by applying heuristics, configuration settings, or rules
to the constructs of the source code.
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